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Extreme States of Matter — Key Question

What is the equation of state of matter at supranuclear

densities?
Neutron star
Interiors of neutron stars

present extremes of

: Mass
density not found ~1.5 times the Sun
anywhere else in the
Universe Solid crust

: ~1 mile thick
Nature of matter in these
conditions a deep myster

: PRI y \ Diameter

— entirely new states may 15 t0 35 (?) km

be present

Heavy liquid interior

Neutron star mass+radius Unknown composition
measurements will test
current models of QCD

Where ? could be: hyperon condensate, pion
40-year old problem that IXO condensate, kaon condensate, strange quark matter,

may finally resolve quark-gluon plasma...



Neutron Star Observations e
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Burst Spectroscopy
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Burst Spectroscopy with IXO:
Scale expected number of burst photons to EO0748-676:

At least a dozen good targets:

Source FoM Peak (C) Wait (h)
1745-248 8.00 1.21 0.54
1826-24 3.55 1.04 3.98
1608-52 3.12 3.98 5.82

48.9-2021 2.90 1.60 1.39
' 90 1.60 2.89

45  9.82




Burst Spectroscopy with IXO: NS Spin

Absorption line profile broadens with increasing NS spin frequency:
Both a bonus (profile shape gives R) and a drawback (reduced contrast);

Detection and profile measurement remain feasible up to ~ 500 Hz!!
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Neutron Stars at Known Distance: INS and gLMXB

Characteristic distortions of continuum (not BB) allow
simultaneous redshift and T.¢; know d, get R and M

Simultaneous Mass and Radius Measurements

(Micro-calorimeter response curves, ~1/2 IXO area)
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Pulse Shape of Burst Osclillations

known spin period and Doppler shift: R;
GR light bending: z; find M and R
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Accreting NS versus Radiopulsars (binary pulsar):
different masses

Radius (km



Constellation-X =»1XO capabillities:

larger effective area at 1 keV: GOOD (more objects and/or more time

resolution in bursts)
Increased angular resolution: PROBABLY NOT GOOD
increased Field of View: NOT RELEVANT
sensitivity > 10 keV: NOT RELEVANT




MNabel Prizes in Physics, 1981-present
red indicates: directly or indirectly related to
condensed matter physics, purple;: AMO and astrophysics

2007 - Albert Fert, Peter Griinberg
Giant Magnetoresistance

2006 - John C. Mather, George F. Smoot
CMB anisotropy

2005 - Roy 1. Glauber, John L. Hall, Theodor W. Hinsch
Quantum Optics

2004 - pavid J. Gross, H. David Politzer, Frank Wilczek
Asymptotic freedom in QCD

2003 - Atexef A. Abrikosov, Vitaly L. Ginzburg, Anthony 1. Leggett
Superfluidity / Superconductivity

2002 - Raymond Davis Jr., Masatoshi Keshiba, Riccarde Giacconi
Neutrino /X-ray astronomies

2001 - Erle A. Cornell, Wolfgang Ketterle, Carl E. Wieman
Boze-Einstein

2000 - Zhores I. Alferov, Herbert Kroemer, Jack 5. Kilby
Semiconductors/IC

1999 - Gerardus 't Hooft, Martinus 1.G. Veltman
Electroweak renormalization

1m - Robert B. Laughlin, Horst L. Stérmer, Daniel C. Tswi
Fractional quantum Hall effect

1989 - Norman F. Ramsey, Hans G. Dehmelt, Wolfgang Paul
high precision maser spectroscopy; atom trapping
1988 - Leon M. Lederman, Melvin Schwartz, Jack Steinberger
muon neutrino
1987 - 1. Georg Bednorz, K. Alex Miiller
high=-Tc superconductivity
1986 - Ernst Ruska, Gerd Binnig, Heinrich Rohrer
electron microscope; STM
1985 - Klaus von Klitzing
Quantum Hall
1984 - carlo Rubbia, Simon van der Meer
W and Z bosons
1983 - Subramanyan Chandrasekhar, William A. Fowler
Stellar structure, nuclear astrophysics
1982 - Kenneth G. Wilson
Mﬂﬂlphmnmm.ltmmm
1981 - nicolaas MMWL Schawlo
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